Abstract This study was carried out to investigate the treatability of ion exchange resin (Indion MB 6 SR) for the removal of chromium (VI), aluminium (III), zinc (II), copper (II), iron (II), and phosphate (PO 4 ) 3-, chemical oxygen demand (COD), ammonia nitrogen (NH 3 -N) and colour from semi-aerobic stabilized leachate by batch test. A range of ion exchange resin dosage was tested towards the removal efficiency of leachate parameters. It was observed that equilibrium data were best represented by the Langmuir model for metal ions and Freundlich was ideally fit for COD, NH 3 -N and colour. Intra particle diffusion model, pseudo first-order and pseudo second-order isotherm models were found ideally fit with correlation of the experimental data. The findings revealed that the models could describe the ion exchange kinetic behaviour efficiently, which further suggests comprehensive outlook for the future research in this field.
Introduction
Despite rapid changes of landfill technology from uncontrolled dump site to a highly engineered landfill for ultimate solid waste disposal method, generation of heavily polluted leachate remains inevitable (Cortez et al. 2011) . Poorly managed inefficient landfilling has been seen as the major factor contributing to hydro geological contamination that originates from leachate that infiltrates into soil and groundwater. Furthermore, leachate is a heterogeneous mixture of high-strength organic and inorganic contaminants including humic acids, xenobiotic organic compounds (XOCs), ammonia nitrogen, heavy metals and other inorganic salts (Honjiang et al. 2009 ). If not properly treated and securely disposed, landfill leachate may bring potential hazards to surface and groundwater as it may percolate through soils and sub-soils. Therefore, treatment of landfill leachate is considered crucial prior to its discharge that can safeguard surrounding environment (Tatsi et al. 2003) .
Even though the quantity of the leachate is lesser than other wastewaters, its contents are extremely hazardous (Al-Hamadani et al. 2011) . In fact, landfill leachate continues to be dangerous and poisonous over long periods, particularly for ammoniacal nitrogen that leads to stimulated algae growth, accelerated eutrophication, enhanced dissolved oxygen depletion and increased toxicity for living organism in water body (Aziz et al. 2004; Karadag et al. 2008) . Consequently, it is vital to determine appropriate treatment method to cope with the changing quality and quantity of the leachate over times . Depending on the choice of treatment method, the applicability, efficiency and economic benefit of landfill leachate treatment mostly depend on the type of leachate characteristics and landfill design. Generally, biological treatments such as aerobic, anaerobic, sequencing batch reactor, aerated lagoons, and activated sludge are effective in removing organic matters in the early stages (from young leachate) when the BOD 5 /COD ratio is greater than 0.4 (Kurniawan et al. 2006; Renou et al. 2008) . On the contrary, biological treatment is inefficient when it comes to the treatment of stabilized leachate due to the narrow range of biodegradable components in leachate, the presence of substances toxic for the microorganism and the limited availability of necessary nutrients for microbial growth (Li et al. 1999) . Therefore, physico-chemical processes usually applied to treat persistent refractory compounds in stabilized leachate (Kamaruddin et al. 2014) . Having said that, a wide spectrum of physico-chemical treatments have been tested including coagulation/flocculation, chemical oxidation, adsorption, chemical precipitation, membrane filtration as well as ion exchange process. Ion exchange process is widely used in water and wastewater treatment for extraction, separation, and purification of organic substances (Zagorodni 2006) . Until now, a number of studies have been focused to remove ammonia and metal ions from water and wastewater using ion exchange resins, such as NH 3 -N from wastewater, NH 3 -N and nitrate from fertilizer factory wastewater, NH Leakovic et al. 2000; Cavaco et al. 2007; Jorgensen and Weatherley 2003; Kiefer et al. 2007 ).
However, until now, studies concerning removal of heavy metals COD, NH 3 -N as well as colour from semiaerobic stabilized landfill leachate using ion exchange resin in the main treatment process remain limited and not well documented. The same is true for studies pertaining to the isotherms, kinetic models as well as breakthrough curves of ion exchange treatment. Thus, this study evaluated the treatability of stabilized semi-aerobic landfill leachate treatment via ion exchange resin (Indion MB 6 SR).
Materials and method

Leachate samples
In this study, the leachate sample was obtained from Pulau Burung Landfill Site (PBLS), which is situated within Byram Forest Reserve in Penang, Malaysia. The site was chosen because it has been developed semi-aerobically with leachate recirculation and it is one out of the only three sites of its kind in Malaysia. The site receives 1800 tonnes of domestic waste daily originating from Penang Island and Perai district. In 2001, the landfill was upgraded to a Level III sanitary landfill with controlled tipping and leachate recirculation . Characteristically, PBLS has surpassed more than 20 years of operation and is currently experiencing methanogenic phase. As a result, the leachate produced is referred to as mature, ''stabilized'' leachate (Bashir et al. 2009 ). The dark brown coloured liquid, with high concentrations of COD and ammonium and a low BOD 5 /COD ratio is another indicator of stabilized leachate. The leachate sample was collected from September 2010 until March 2011. During sampling period, 20 L of stabilized leachate were sampled using Teflon containers. The leachate sample was collected from a retention pond near to active phase of landfill bed and this routine was repeated twice per month for 6 months. The samples were transported to the laboratory and stored in a cold room at 4°C to minimize biological and chemical changes prior to the experimental use . The sampling procedure and preservation of samples were done according to the Standard Methods for the Examination of Water and Wastewater (APHA 2005) . Without pretreatment, the samples were stored in cold room at 4°C to minimize biological and chemical changes prior to the experimental use. Treated leachate samples were filtered using 0.45 l GC-50 glass micro fibre filters (Advantec, Japan) to retain fines particles from passing through prior to analytical measurement. from Ion Exchange (India) Ltd, was utilized as parent resin towards the stabilized leachate treatment. Its particle size ranges from0.3 to 1.2 mm with the maximum operating temperature of 60°C. Table 2 lists out specifications of the resin. For the purpose of pre-conditioning, the resins were first extensively backwashed with DI water to remove fines and low-density beads. This was followed by two cycle exhaustions carried out using 2 M sodium hydroxide and 2 M hydrochloric acid with intermediate and finally DI water rinses. Resins were then transferred into a clean polyethylene container and dried in a desiccator to prevent humidity and contaminants from seeping in.
Kinetic and isotherms studies Preliminary tests using varying agitation speeds showed that 350 rpm was high enough to well suspend the ion exchange resin, to eliminate the external mass-transfer resistance. For the entire experiments, 350 rpm was chosen as the agitation speed. In the study, 250 mL conical flasks containing 120 mL of leachate samples were agitated on an orbital shaker with varying amount of resin (from 4 to 20 cm 3 ). At the end of the pre-determined time interval, the adsorbent was removed by filtration and the ion concentrations were determined.
The data were then fitted with Langmuir and Freundlich adsorption isotherm models. The kinetic parameter study, which is helpful for the prediction of adsorption rate, was performed based on pseudo first-order, pseudo secondorder and intraparticle diffusion models, respectively. Equations for Langmuir and Freundlich adsorption isotherms models are represented by Eqs. (2.1) and (2.2). Briefly, q e refer to amount adsorbed at equilibrium in the resin phase (mg/g), where Q o , K L, K f , C e and q t refer to saturated amount of metal exchanged at given solution conditions (mg/g). Langmuir constant (ml/mol) related to energy of adsorption. Meanwhile, Freundlich isotherm constant (ml/mol) related to the adsorption capacity, equilibrium metal concentration in the solution phase (mol/ ml) and amount of adsorbed in the resin phase at any time t (mg/g). In terms of kinetic equations, pseudo first-order, pseudo second-order and intraparticle diffusion models are expressed as Eqs. (2.3), (2.4) and (2.5), respectively. Meanwhile, 1/n is the Freundlich isotherm constant (ml/mol) related to adsorption capacity, where k 1 , k 2 , k id and t individually represent the first-order constant (g/ mg.min), second-order constant (g/mg.min) and rate constant for intraparticle diffusion (1/min) and time min).
Parameters of the study
This research was limited to nine parameters, which were chromium (VI), aluminium (III), zinc (II), copper (II), iron (II) and phosphate (PO 4 ) 3-, chemical oxygen demand (COD), ammonia nitrogen (NH 3 -N) and colour. Because the lot of variables involved in the batch test, preliminary of experiment has been carried out to minimize the effects of uncontrolled factors. Throughout the batch equilibrium test, leachate volume was fixed at 120 mL, resin dosage was varied between 4 and 20 cm 3 and contact time of 30 min was fixed to establish isotherm models. Meanwhile, for kinetic studies, the contact time was varied between 0 and 120 min, resin dosage was varied between 4 and 20 cm 3 and the others variables were kept constant.
Sample analysis
The treated samples were analysed using DR 2010 spectrophotometer (HACH, USA). 
Results and discussion
Stabilized landfill leachate characteristics leachate samples is 8.09. According to , the pH of young leachate was less than 6.5 while for old landfill the leachate has pH higher than 7.5. Initial low pH was due to high concentration of volatile fatty acids (VFAs). Also, stabilized leachate shows fairly constant pH with little variations and it may range between 7.5 and 9. The presence of significant amount of NH 3 -N (727 mg/L) in the leachate demonstrated degradation of soluble nitrogen due to the decomposed waste. As a result, the concentration of NH 3 -N increases with the increase in age of the landfill which was due to hydrolysis and fermentation of nitrogenous fractions of biodegradable refuse substrate ). Higher concentration of NH 3 -N enhances algae growth and promotes eutrophication due to decrease in dissolved oxygen content. Further, nitrification also leads to motivated algal growth, decreased performance of biological treatment systems, accelerated eutrophication, promoted dissolved oxygen depletion and increased toxicity for living organisms in water bodies . The average values for BOD 5 and COD were 209 and 1800 mg/L, respectively. The calculated BOD 5 /COD ratio of 0.11 indicated that the changes in the amount of biodegradable compounds in the leachate (Warith 2002) . The BOD 5 /COD ratio showed that the leachate was poorly biodegradable. The low BOD 5 /COD ratio (0.11) also demonstrated that the leachate was stable and difficult to be further degraded biologically (Foul et al. 2009 ). From the table, high value of pH and low concentrations of COD, BOD 5 and heavy metals indicate that the leachate was in the phase of methane fermentation and classified as anaerobic phase (Salem et al. 2008) . Normally, the concentration of heavy metals in leachate at the early stage of landfill operation are high due to higher metal solubility and dissociation of organic acids (Kulikowska and Klimiuk 2008) . The colour concentration was reported as 1586 mg/L which is due to the low biodegradability of dissolved organic constituents in the leachate (Kamaruddin et al. 2013 [ (PO 4 ) 3 . However, the value of correlation coefficient, R, 2 displayed an inversely trend, which showed that adsorption of ammonia nitrogen (NH 3 -N), colour and chemical oxygen demand (COD) on Indion MB 6 SR resin were not adopted in Langmuir isotherm model. In agreement with the hypothesis by Samczynski and Dybczynski (1997) , the fit of Langmuir isotherm model for the bindings of COD in carboxylate sites is rarely applicable. Accordingly, Koivula et al. (2000) suggested that the sorption and desorption kinetics and selective loading characteristics of some commercial resins are governed not only by the target metal concentrations, but also by competing adsorbates and changes of the concentrations.
Separation factor, R L value for the adsorption of ion Cr 6? , ion Al 3? , ion Cu 2? , ion Zn 2? and ion Fe 2? ranged from 0.2 to 0.4 (Table 3) , showing that the adsorption process was favourable in all range of resin dosage. R L value for COD was found to be 0.964, which is approximately 1. This means that the adsorption behaviour is proportional to the changes of the resin dosage. For ammonia nitrogen, R L value was obtained as 0.048, which is nearly zero. This is attributed to the reason that the adsorption process is highly favourable and irreversible, where it can be evidenced by the breakthrough curve result (nearly 90 % removal).
Freundlich isotherm
Freundlish isotherm gives an expression encompassing the surface heterogeneity and the exponential distribution of active sites along with their energies (Hasany et al. 2002.) Dakiky et al. (2002) , which stated that the sorption process for anion and organic fraction in the leachate was controlled by diffusion and binding steps. As presented in Table 2 , adsorption intensity given by Freundlich coefficient n, in all cases lying between 0.2287 and 0.8002 for all the adsorbates studied, represented good sorption potential and high affinity of Indion MB 6 SR resin. Moreover, n value was lower than unity, indicating that the adsorbates were favourably adsorbed. High value of K f indicated that the binding capacity has reached its highest value. Nevertheless, the model was not applicable to the adsorption of ion (PO 4 ) 3-, COD and colour. Even though the correlation coefficient, R 2 , was greatly improved, it appeared that there was no significant effect, where the correlation coefficient, R 2 , lay in the range of 0.3822-0.5729. Accordingly, Hasany et al. (2002) commented that the result could most probably be attributed to the reason that Freundlich isotherm does not predict any saturation of sorbent by the sorbates in its mathematical model, which is not practical in all conditions.
Kinetic study
Pseudo first-order kinetic study
The kinetics of adsorption describes the rate of ions uptake on ion exchange resins and this rate controls the equilibrium time. The list of adsorption constants on Indion MB 6 SR resin for different adsorbates using pseudo first-order kinetic model is shown in Table 4 . As exhibited by Fig. 1 , the amounts of ions exchanged increased rapidly at the early stage of experiment, then gradually increased and finally approached constant values for long experimental durations. Final equilibrium ions decreased with the rise of resin dosage used. However, the first-order equation did not apply throughout all the contact times in this work. It was applicable over the initial 80-min sorption period where plots of log (qe -qt) versus time at different adsorbent dosage deviated considerably from the data after a short period.
As shown in Table 3 , the calculated k 1 values were indrectly proportionally to the resin dosage, indicating that it does not obey the pseudo first-order model. Azizan (2004) concluded that the rate coefficient of pseudo first-order model is a complex function of resin dosage. Furthermore, Azizan and Yantaei (2006) found that the pseudo first-order rate coefficient (k 1 ) is not intrinsic adsorption rate constant but a combination adsorption (k a ) and desorption (k d ) rate constants as shown in Eq. (3.1). Pehlivan and Altun (2007) mentioned that the kinetics may be affected by a number of parameters (the nature of exchanger, counter ions and the extent of agitation) that further explained the above deviations.
Pseudo second-order kinetic study Figure 2 shows the straight line plots of t/q t versus time for different resin dosage indicated the applicability of pseudo second-order kinetic model. The list of adsorption constants on Indion MB 6 SR resin for different adsorbates using pseudo second-order kinetic model is shown in Table 5 . The difference between the correlation coefficient values clearly demonstrated that the data showed a better compliance with pseudo second-order kinetic model with correlation coefficients ranging from 0.7587 to 1.000. In the research conducted by Sabir et al. (2006) , a relatively high correlation coefficient for pseudo second-order kinetic model was obtained, indicating that the model successfully described the adsorption kinetics. As displayed by Table 6 , pseudo second-order rate constant (k 2 ) decreased consistently with the increased of initial resin dosage where the initial sorption rate was found to increase with the resin dosage. The result is in agreement with the findings of Rengaraj et al. (2007) . Ho and McKay (1999) reported that pseudo secondorder reaction is greatly influenced by the amount of metal on the adsorbent's surface and amount of metal adsorbed at equilibrium. The rate is directly proportional to the number of active surface sites. Thus, chemisorptions of the heterogeneous system might not be correctly defined by the kinetic equation. Although very good linearity is found for these models, calculated results do not agree with the experimental data. Parameters k 1 , k 2 and q e vary with the amount of resin used and the initial concentration. Theoretically, these kinetic parameters should be independent of the reactant concentrations such as resin weight and initial heavy metal concentrations.
In this aspect, even though the models displayed the advantages of their easiness for use, the disadvantages are that the predicted results do not satisfactorily agree with the experimental data and they usually depend on the operating conditions (Pehlivan and Altun 2007) . Ho and Mckay (1999) clarified that the kinetics of the ion exchange involve five distinct steps, namely diffusion of ions through the bulk solution, diffusion of ion through hydrated film surrounding the particle, diffusion of ion across the film-particle interface, diffusion of ion through the particle and the actual chemical reaction involving exchange of ions. These processes were affected by a number of parameters and may not be exactly represented by any model.
Intraparticle diffusion model
For a solid-liquid sorption process, the solute transfer is usually characterized by external mass transfer (boundary layer diffusion), or intraparticle diffusion or both (Sarkar et al. 2003) . The plot of q t versus t 0.5 as shown in Table 7 . An initial steep-sloped portion is followed by a linear portion to the intraparticle diffusion and a plateau to the equilibrium. In this context, initial steep-sloped portion (from 0 to 60 min) is attributed to the external surface adsorption or instantaneous adsorption, while gentle-sloped portion (from 60 to 240 min) is associated with the gradual adsorption. This revealed that intraparticle diffusion is rate-controlled and leads to a plateau to the equilibrium. However, intraparticle diffusion started to slow down due to extremely low solute concentration in solution. In agreement with the study performed by Rengaraj et al. (2007) , the rate constant, k id, of the intraparticle diffusion model was higher at the higher resin dosage. Accordingly, Wu et al. (2004) proposed that if the two steps are independent of one another, the plot of q t versus t 0.5 appears as a combination of two or more intersecting lines. Hereby, the surface adsorption and intraparticle diffusion were likely to take place simultaneously, where both processes controlled the kinetics of resin-ion interaction. The pores and steps on the resin particles were such that they could accommodate the ion phosphate (PO 4 ) 3-molecules.
Conclusion
From the batch study, it was observed that Langmuir fit for ion metals is good with correlation coefficient R 2 in the range of 0.85-0.97. The maximum monolayer coverage capacities, Q o , increased proportional to the amount of resin dosage. However, the adsorption of ammonia nitrogen, colour and COD was not applicable to the Langmuir isotherm model. Compared to Langmuir isotherm, Freundlich isotherm showed better fit to the experiment data. The adsorption intensity coefficient n, lying between 0.2287 and 0.8002 for all the adsorbates studied, represents good sorption potential and high affinity of the Indion MB 6 SR mixed bed resin. For all the systems studied, the intraparticle diffusion model, pseudo first-order and pseudo second-order isotherm models provide the best correlation of the experimental data. Conclusively, the analysis provided important information for designing and modelling the processes.
